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Abstract
© 2016 The Authors. We present recent optical photometric observations of the blazar OJ 287
taken during 2015 September-2016 May. Our intense observations of the blazar started in 2015
November and continued until 2016 May and included detection of the large optical outburst in
2015 December that was predicted using the binary black hole model for OJ 287. For our
observing campaign, we used a total of nine ground-based optical telescopes of which one is in
Japan, one is in India, three are in Bulgaria, one is in Serbia, one is in Georgia, and two are in the
USA. These observations were carried out in 102 nights with a total of ~1000 image frames in
BVRI bands, though the majority were in the R band. We detected a second comparably strong
flare in 2016 March. In addition, we investigated multiband flux variations, colour variations, and
spectral changes in the blazar on diverse time-scales as they are useful in understanding the
emission  mechanisms.  We  briefly  discuss  the  possible  physical  mechanisms  most  likely
responsible for the observed flux, colour, and spectral variability.
http://dx.doi.org/10.1093/mnras/stw3045
Keywords
BL Lacertae objects: general, BL Lacertae objects: individual: OJ 287, Galaxies: active
References
[1] Agarwal A., Gupta A. C., 2015, MNRAS, 450, 541.
[2] Agarwal A. et al., 2015, MNRAS, 451, 3882.
[3] Agarwal A. et al., 2016, MNRAS, 455, 680.
[4] Akitaya H. et al., 2014, in Ramsay S. K., McLean I. S., Takami H., eds, Proc. SPIE Conf. Ser. Vol. 9147, Ground-
based and Airborne Instrumentation for Astronomy V. SPIE, Bellingham, p. 40.
[5] Bessell M. S., Castelli F., Plez B., 1998, A&A, 333, 231.
[6] Blandford R. D., Rees M. J., 1978, Phys. Scr., 17, 265.
[7] Bonning E. et al., 2012, ApJ, 756, 13.
[8] Böttcher M. et al., 2007, ApJ, 670, 968.
[9] Calafut V., Wiita P. J., 2015, J. Astrophys. Astron., 36, 255.
[10] Camenzind M., Krockenberger M., 1992, A&A, 255, 59.
[11] Cardelli J. A., Clayton G. C., Mathis J. S., 1989, ApJ, 345, 245.
[12] Carini M. T., Miller H. R., 1992, ApJ, 385, 146.
[13] Carini M. T., Miller H. R., Noble J. C., Sadun A. C., 1991, AJ, 101, 1196.
[14] Carini M. T., Miller H. R., Noble J. C., Goodrich B. D., 1992, AJ, 104, 15.
[15] Chakrabarti S. K., Wiita P. J., 1993, ApJ, 411, 602.
[16] de Diego J. A., 2010, AJ, 139, 1269.
[17] Fan J. H. et al., 1998, A&AS, 133, 163.
[18] Fan J. H., Zhang Y. W., Qian B. C., Tao J., Liu Y., Hua T. X., 2009, ApJS, 181, 466.
[19] Fiorucci M., Tosti G., 1996, A&AS, 116, 403.
[20] Gaur H., Gupta A. C., Lachowicz P., Wiita P. J., 2010, ApJ, 718, 279.
[21] Gaur H., Gupta A. C., Wiita P. J., 2012a, AJ, 143, 23.
[22] Gaur H. et al., 2012b, MNRAS, 420, 3147.
[23] Gaur H. et al., 2012c, MNRAS, 425, 3002.
[24] Ghisellini G. et al., 1997, A&A, 327, 61.
[25] Ghosh K. K., Ramsey B. D., Sadun A. C., Soundararajaperumal S., 2000, ApJS, 127, 11.
[26] González-Pérez J. N., Kidger M. R., Martín-Luis F., 2001, AJ, 122, 2055.
[27] Gopal-Krishna, Stalin C. S., Sagar R., Wiita P. J., 2003, ApJ, 586, L25.
[28] Goyal A., Gopal-Krishna, Wiita P. J., Anupama G. C., Sahu D. K., Sagar R., Joshi S., 2012, A&A, 544, A37.
[29] GraffP. B., Georganopoulos M., Perlman E. S., Kazanas D., 2008, ApJ, 689, 68.
[30] Gu M. F., Lee C.-U., Pak S., Yim H. S., Fletcher A. B., 2006, A&A, 450, 39.
[31] Gupta A. C., Banerjee D. P. K., Ashok N. M., Joshi U. C., 2004, A&A, 422, 505.
[32] Gupta A. C., Fan J. H., Bai J. M., Wagner S. J., 2008, AJ, 135, 1384.
[33] Gupta S. P., Pandey U. S., Singh K., Rani B., Pan J., Fan J. H., Gupta A. C., 2012, New Astron., 17, 8.
[34] Gupta A. C. et al., 2016, MNRAS, 458, 1127.
[35] Heidt J., Wagner S. J., 1996, A&A, 305, 42.
[36] Hughes P. A., Aller H. D., Aller M. F., 1985, ApJ, 298, 301.
[37] Joshi M., Böttcher M., 2011, ApJ, 727, 21.
[38] Kirk J. G., Rieger F. M., Mastichiadis A., 1998, A&A, 333, 452.
[39] Kushwaha P., Sahayanathan S., Singh K. P., 2013, MNRAS, 433, 2380.
[40] Lehto H. J., Valtonen M. J., 1996, ApJ, 460, 207.
[41] Mangalam A. V., Wiita P. J., 1993, ApJ, 406, 420.
[42] Marcha M. J. M., Browne I.W. A., Impey C. D., Smith P. S., 1996, MNRAS, 281, 425.
[43] Marscher A. P., 2014, ApJ, 780, 87.
[44] Marscher A. P., Gear W. K., 1985, ApJ, 298, 114.
[45] Memmesheimer R.-M., Gopakumar A., Schäfer G., 2004, Phys. Rev. D, 70, 104011.
[46] Miller H. R., Carini M. T., Goodrich B. D., 1989, Nature, 337, 627.
[47] Montagni F., Maselli A., Massaro E., Nesci R., Sclavi S., MaesanoM., 2006, A&A, 451, 435.
[48] Papadakis I. E., Boumis P., Samaritakis V., Papamastorakis J., 2003, A&A, 397, 565.
[49] Pihajoki P., 2016, MNRAS, 457, 1145.
[50] Pihajoki P. et al., 2013, ApJ, 764, 5.
[51] Pollack M., Pauls D., Wiita P. J., 2016, ApJ, 820, 12.
[52] Poon H., Fan J. H., Fu J. N., 2009, ApJS, 185, 511.
[53] Raiteri C. M. et al., 2001, A&A, 377, 396.
[54] Raiteri C. M. et al., 2003, A&A, 402, 151.
[55] Raiteri C. M. et al., 2007, A&A, 473, 819.
[56] Romero G. E., Cellone S. A., Combi J. A., Andruchow I., 2002, A&A, 390, 431.
[57] Sagar R., Gopal-Krishna, Mohan V., Pandey A. K., Bhatt B. C., Wagner S. J., 1999, A&AS, 134, 453.
[58] Sasada M. et al., 2010, PASJ, 62, 645.
[59] Sillanpää A., Haarala S., Valtonen M. J., Sundelius B., Byrd G. G., 1988, ApJ, 325, 628.
[60] Sillanpää A. et al., 1996a, A&A, 305, L17.
[61] Sillanpää A. et al., 1996b, A&A, 315, L13.
[62] Sitko M. L., Junkkarinen V. T., 1985, PASP, 97, 1158.
[63] Smith P. S., Balonek T. J., Heckert P. A., Elston R., Schmidt G. D., 1985, AJ, 90, 1184.
[64] Smith P. S., Montiel E., Rightley S., Turner J., Schmidt G. D., Jannuzi B. T., 2009, preprint (arXiv:0912.3621)
[65] Spada M., Ghisellini G., Lazzati D., Celotti A., 2001, MNRAS, 325, 1559.
[66] Stalin C. S., Gopal-Krishna, Sagar R., Wiita P. J., Mohan V., Pandey A. K., 2006, MNRAS, 366, 1337.
[67] Stetson P. B., 1987, PASP, 99, 191.
[68] Stetson P. B., 1992, in Worrall D. M., Biemesderfer C., Barnes J., eds, ASP Conf. Ser. Vol. 25, Astronomical Data
Analysis Software and Systems I. Astron. Soc. Pac., San Francisco, p. 297.
[69] Stocke J. T., Morris S. L., Gioia I. M., Maccacaro T., Schild R., Wolter A., Fleming T. A., Henry J. P., 1991, ApJS, 76,
813.
[70] Urry C. M., Padovani P., 1995, PASP, 107, 803.
[71] Valtonen M., Ciprini S., 2012, Mem. Soc. Astron. Ital., 83, 219.
[72] Valtonen M., Pihajoki P., 2013, A&A, 557, 28.
[73] Valtonen M. J. et al., 2006, ApJ, 646, 36.
[74] Valtonen M., Kidger M., Lehto H., Poyner G., 2008, A&A, 477, 407.
[75] Valtonen M. J. et al., 2009, ApJ, 698, 781.
[76] Valtonen M. J. et al., 2010, ApJ, 709, 725.
[77] Valtonen M. J., Mikkola S., Lehto H. J., Gopakumar A., Hudec R., Polednikova J., 2011, ApJ, 742, 2.
[78] Valtonen M. J., Ciprini S., Lehto H. J., 2012, MNRAS, 427, 77.
[79] Valtonen M. J. et al., 2016, ApJ, 819, L37.
[80] Villata M. et al., 2002, A&A, 390, 407.
[81] Wagner S. J., Witzel A., 1995, ARA&A, 33, 163.
[82] Wierzcholska A., Ostrowski M., Stawarz L., Wagner S., Hauser M., 2015, A&A, 573, A69.
[83] Wu J., Peng B., Zhou X., Ma J., Jiang Z., Chen J., 2005, AJ, 129, 1818.
[84] Wu J., Zhou X., Ma J., Wu Z., Jiang Z., Chen J., 2007, AJ, 133, 1599.
